Results Of all 5140 PLWHA who were followed-up for 36 955 person-years, 1066 (20.7%) died. The ratio of AIDS-related deaths to non-AIDS related deaths reduced from 1.2:1 before 1996 to 0.6:1 after 1997, and case-fatality rates reduced from 12.0 to 0.9%, respectively (P < 0.001).
Introduction
Life expectancy of people living with HIV/AIDS (PLWHA) has increased considerably since the introduction of the highly active antiretroviral therapy (HAART) in the mid1990s due to the reconstitution of immune response. HIV/ AIDS has gradually been considered as a chronic disease with life expectancy almost comparable to non-HIV chronic illnesses. 1 This evolving scenario signals a profound change in epidemiology approach to the HIV epidemic. The risk factors for the post-HAART morbidity and mortality are currently multifactorial, and include long-term immunodeficiency and viraemia, HAART toxicity, aging and unhealthy lifestyle.
2 Subsequently, AIDS-related deaths among PLWHA in developed countries have decreased, with an increase in the non-AIDS related cause of deaths.
3-8 These include non-AIDS related malignancies and infections, as well as cardiovascular, hepatic and renal diseases. 9 Israel is a developed country with a gross domestic product of $29 800 10 per person, including nearly 7.7 million citizens, of whom nearly 2.5 million (~32%) 11 are non-Israeli born, and about 200 000 (~2.5%) are non-citizen migrants who arrived in Israel mostly for labor purposes. 12 From 1981 to 2010, 6579 HIV/AIDS cases were reported nationally, in an upward trend from 3.6 new HIV-diagnoses per 100 000 population in 1986 to 5.6 in 2010. Immigrants from countries of generalized epidemic (ICGE) comprised 2717 (41.3%) of all cases. Of those, 2089 (76.9%) were Israeli citizens and 628 (23%) were non-citizens migrants, mostly migrant workers. The majority (N = 2040) of ICGE Israeli citizens were born in Ethiopia. 13 This cohort study aims, for the first time in Israel, to assess mortality trends among PLWHA for a 25 -year period, analyze the relevant causes of death and compare their mortality rates and reason of death with that of the general Israeli population. Valid data regarding the causes of death of PLWHA may guide treating physicians to prioritize care for PLWHA, and promote appropriate medical infrastructure for potential change in morbidity and mortality trends.
Methods

Data collection and definitions
This retrospective cohort study included all PLWHA in Israel who were citizens older than 16 years of age and diagnosed between January 1985 and December 2010. HIV/ AIDS is a mandatory reportable disease and the completeness of notification in Israel is estimated to be at 100%, as notification is a perquisite for medical follow-up and treatment. 13 Identifiable notifications are sent from the reporting physicians or laboratories to the regional health, and then to the National level.
PLWHA who are Israeli citizens are treated in one of the eight AIDS-centers and are covered by the National health insurance. HAART has been fully available in Israel for no charge since 1997 for PLWHA, according to clinical and laboratory criteria. Drug initiation and regimen are regularly updated according to international guidelines.
Data regarding PLWHA were collected from National HIV/AIDS Registry (NHAR) in the Ministry of Health. This registry receives reports from the AIDS treatment centers, health funds and health departments country-wide. 13 These reports contain demographic (name, ID number, family status, address, country of birth and citizenship), behavioral and clinical data for each notification. Behavioral data include the route of HIV infection as were reported by the patients: intravenous drug users (IVDU) or infected from blood products, men who have sex with men (MSM), heterosexuals and those of unknown risk behavior. In response to a possible reporting bias of newly diagnosed patients who may refrain from disclosing their risk behavior upon diagnosis, the NHAR is periodically updated with continuous name-based reports from all the AIDS treatment centers and the regional health departments regarding behavioral and clinical changes. 13 In addition, the NHAR is crossed matched bi-annually with data from all four medical insurers to update the NHAR regarding HAART initiation for each person.
As the National Civil Registry captures only Israeli citizens, only PLWHA citizens were included in this study. All PLWHA, who were Israeli citizens registered in the NHAR, were crossed matched with the National Civil Registry in January 2011 by their names and identification numbers to identify those who died or left Israel.
All death certificates and the final hospitalization records of deceased PLWHA were collected from the relevant health departments, hospitals and the death registry at the Ministry of Health. Causes of death were recorded retrospectively by an experienced death registrar and experienced AIDS epidemiologists independently. In case of inconsistency, a third AIDS treating physician was consulted. The underlying cause of death was defined as the disease or injury which initiated the train of morbid events leading directly to death by the rules of the International Classification of Diseases, ninth Revision, Clinical Modification (ICD-9-CM).
14 The causes of death were categorized into AIDS-related deaths, which included the Centers for Disease Control and Prevention classification to AIDS-defining infections and AIDS-defining malignancies; 15 and also to non-AIDS-related deaths, and included all other underlying causes of death, which were further sub-divided by non-AIDS causes. 6 
Statistical analysis
The follow-up time started at the date of HIV/AIDS reporting and terminated on the date of death, leaving Israel or December 2011 (whatever came first), and was determined by person-years (PY). Case fatality rate (CFR) was calculated as the annual number of AIDS and non-AIDS related deaths divided by the prevalent number of PLWHA each year. Trend analysis was performed by the Chi-square test to yield the linear-bylinear association test. Comparisons between PLWHA who were Israeli citizens and died with that of PLWHA who survived were performed by the Chi-square test for categorical variables, while continuous variables were compared by the Student's t-test for variables distributed normally. Characteristics which achieved P < 0.05 were considered statistically significant and included in the multivariable Cox proportional hazard models after assessing for collinearity to evaluate the association of specific independent factors predicted mortality, which were expressed as hazard-ratios and 95% confidence intervals (95% CI). Comparisons between PLWHA who died of AIDS-related causes to those died of non-AIDS related causes were performed by logistic regression for variables achieved statistically significant values in the univariate analysis and following assessment of collinearity.
Kaplan-Meier and Cox regression plots of PLWHA were outlined to describe survival time in years by risk group of HIV-transmission.
Excess in mortality among PLWHA was evaluated on the basis of standardized mortality ratio (SMR) by the indirect age adjustment to observed number of PLWHA-citizens who died divided by the expected number of deaths in the relevant age-group and gender of the general population of Israel in 2005, as published by the Central Bureau of Statistics 16 with 95% CI. Years of potential life lost (YPLL) were calculated as the sum of years lost because of premature death. Abridged life Tables were constructed from age specific mortality from this cohort and compared to the gender and age specific life expectancy rates in Israel.
All analyses were performed by the SPSS ® program version 19.0. The study was approved by the Ben Gurion University Institutional Review Board (#2010-8).
Results
This study, which comprised of 36 955 PY of all 5140 PLWHA who were Israeli citizens older than 16 years of age and followed-up for 25 years, found that 1066 (20.7%) have died during the follow-up period (2.6 deaths per 100 PY). While the number of annual new HIV/AIDS notifications has increased throughout the study period, the annual rates of death among PLWHA have been reduced from 100 to 1.2% (trend analysis P < 0.001, Fig. 1a) . Concomitantly, the average ratio of AIDS-related deaths to non-AIDS related deaths has reduced from 1.2:1 before 1996 to 0.6:1 after 1997 and CFR had reduced from 12.0 to 0.9% during the same time (trend analysis P < 0.001, Fig. 1b) .
Average age adjusted SMR were 3.0 (95% CI: 2.3-3.5) for males and 3.9 (95% CI: 3.3-4.5) for females. YPLL among males who were diagnosed before 1996 were 21 157 and 4483 for those diagnosed after 1997, while among females were 12 903 and 5035, respectively.
PLWHA who were males, older, Jews, Israeli born, coinfected with tuberculosis, diagnosed before 1996 and IVDU or infected from blood products were more likely to die than PLWHA who survived by the end of the study follow-up (Table 1) . Interestingly, PLWHA diagnosed before 1996 and died were more likely to be Israeli-born and MSM, while this trend has been overturned after 1997. Since then, and following the introduction of the HAART, PLWHA who were diagnosed and died were more commonly non-Israeli born, and MSM were less likely to die. In the multivariate analysis, being male, older, born in Israel, co-infected with tuberculosis, reported with HIV before 1996, acquiring the HIV by IVDU or infected blood products predicted death. Being born in Israel and MSM were variables predicting death before 1996, but not after 1997 (Table 2) .
Death rates varied by key risk groups of HIV infections. PLWHA who were infected by blood products or IVDU were more likely to die than MSM or heterosexuals, both before 1996 (Fig. 2a) or after 1997 (Fig. 2b) . MSM who were diagnosed after 1997 were more likely to survive than heterosexuals.
All mortality cases were divided between those who died of AIDS-related causes and non-AIDS related causes. AIDSrelated deaths were more common among older, Israeli-born and MSM and those whose cause for HIV transmission was unknown, while IVDU were less likely to die of AIDS-related causes (Table 3) . Non-AIDS related deaths were common among older males, those who were co-infected with tuberculosis, reported after 1997 and attributed to IVDU or unknown causes than those died of AIDS-related causes. Variables predicted AIDS-related deaths in multivariate analysis included being older, Israeli-born, MSM and those with unknown route of HIV-transmission. Variables predicted non-AIDS related deaths in multivariate analysis included being male, older, coinfected with TB, reported after 1997 and IVDU.
In comparison of those who died before the introduction of HARRT in 1996 to those who died after its introduction in 1997, it was found that those who died in the later period were less likely to die of AIDS-related cancers, but more likely to die of non-AIDS related cancers than those diagnosed before 1996 (Table 4) . Additionally, those who died after HAART introduction were less likely to die of general deterioration and pulmonary causes than those who died prior to HAART, but more likely to die of external reasons and overdose, as well as from mortality related to liver/pancreas, CVA/brain, cardiac and kidney causes.
Discussion
Main findings of this study
The overall mortality rates in this nationwide study have been reduced significantly during the study period. Nevertheless, PLWHA remained at higher risk of death compared to the general population. The reduction in mortality rate following the introduction of HAART in 1997 has also reflected the causes of death, changing from AIDS-related deaths which were more common before 1996, to the currently non-AIDS related deaths. Death among PLWHA has become more prevalent among older Israeli-born males who acquired HIV by IVDU or infected blood products.
What this study adds PLWHA who were diagnosed before 1996 were not treated with HAART. Even thereafter, during the early years following its introduction, patients were prescribed HAART to treat more advanced conditions, and received regimens that were inferior to the currently prescribed drugs in terms of viral suppression, pill burden, toxicity and serious adverse events. Modern first line regimens are currently more robust than earlier therapy, and adherence has been improved by once daily treatment, all of which contribute to better virological control and, ultimately, greater life expectancy. 17 However, PLWHA are now reaching ages at which non-AIDS causes of death, such as cancer and heart disease, are increasingly common. An increase in non-AIDS related deaths has been recorded since 1997, which could be related to several major causes, including adverse events associated with the HAART, prolonged life expectancy or lifestyle factors. First, the impact of HAART on blood vessels and lipid distribution, and particularly the medications which include protease inhibitors, could have contributed to the development of metabolic dysfunction and altered cholesterol and lipids leading to a more atherogenis profile. 18 This may explain the elevated risk related to vascular diseases recorded after 1997, such as CVA or cardiac diseases compared with the period before HARRT were available.
HIV/AIDS MORTALITY IN ISRAEL
Second, prolonged life expectancy, the major advantage of the HAART, has contributed to the aging of PLWHA. Comorbid conditions have become more instrumental in morbidity and mortality of PLWHA who are in clinical care. Complications of aging among PLWHA are becoming more prevalent, such as non-AIDS related cancers, especially lung cancer, osteoporosis and cardiovascular diseases. 19 Third, lifestyle factors, such as smoking, drug misuse and alcoholism, which are all higher among people with HIV, can lead to the elevated risk of deaths from cardiovascular disease, cancer, liver disease, pulmonary infections, suicide, overdose and injury.
2,20
While AIDS-related mortality in the pre-HAART period was substantial, death rate has decreased after 1997. However, external causes of deaths have increased since, and accounted for a significant proportion of mortality among PLWHA, as found in other studies, 3 in addition to mortality due to chronic diseases, which are probably related to aging of the study population and increasing time of exposure to HAART.
IVDU were less likely to demonstrate longer life-expectancy than PLWHA who were infected by other transmission routes. They were more susceptible to external causes of deaths and OR, odds ratio. homicide due to the risk pertaining to illegality of drug-trade, and also due to overdose. Additionally, their personal characteristics, environmental exposures, and inferior basic health conditions-all exposed them to further harm. Lastly, their possible HIV-late diagnosis and the limited adherence to HAART once recommended have probably led to the excess in mortality.
HIV/AIDS MORTALITY IN ISRAEL
3, [21] [22] [23] PLWHA who were infected by blood transfusion were also less likely to enjoy longevity. Blood transfusion was the main route of HIV-infection in the early phase of AIDS in Israel, and most were diagnosed before 1985. Their relatively older age, longer exposure to HIV and HAART may have contributed to their higher mortality rate.
On the other hand, being MSM was found a protective factor in this study. Their relatively younger age, 13 early HIV-diagnosis and their high adherence to medical followup and HAART most probably contributed to their wellbeing and decreased morbidity and mortality. 3 The lower death rates among female PLWHA compared to males could be explained by a possible early HIV-diagnosis through screening in antenatal clinics, resulting in women receiving treatment at a high CD4 count. It may also stem from life-style differences that were exaggerated in male patients (e.g. smoking, alcohol and drug misuse). 17 While the rate of AIDS-related cancer mortality has been stable after the introduction of the HAART, the rate of death due to non-AIDS related cancer has increased, in line with other studies. 6 Another publication found that of all PLWHA in Israel who had been followed-up for a similar period to this current cohort, 362 (7.0%) developed cancer (~1 case per 100 PY), higher in the pre-ART period than after 1997 (1.2 and 0.85 cases per 100 PY, respectively). 24 Higher hazard-ratios to develop cancer were demonstrated among older PLWHA, Jews, and IVDU. It may be that advanced age and greater cumulative exposure to environmental (such as tobacco and alcohol) or viral (Human Herpes Virus-8, Human Papilloma Virus, hepatitis B or Epstein Barr viruses) carcinogens are associated with the increased risk of malignancies. 25 
Limitations of this study
This study was based on the high quality NHAR, which included all PLWHA registered in Israel and crossed matched with the Israeli Civil Registration for a long observation period, and therefore generalizable. However, the results of this study should be interpreted in light of several limitations. First, the sources for mortality data were mostly death certificates. The challenge to determine the underlying cause of death may be subject to the knowledge of the physician who signed the death certificate or to the understanding of the evaluating researcher, as several diseases and risk factors may contribute in the train of events leading to death. Additionally, contributory causes of death may have been incomplete if the physician who signed the death certificate was unfamiliar with the patient's full medical history. In order to reduce this information bias, those whose death certificates or hospitalization records were not clear were classified as 'unknown'. The second limitation is the cohort effect-meaning different exposures and risks throughout the study period. This limitation was ameliorated by comparing the period before and after HAART introduction and using Kaplan Meier designs. Third, CD4 counts and the exact date of HAART initiation were not available to evaluate its impact on survival. Fourth, this study did not capture individualized life-style factors that could be associated with late treatment or life expectancy.
In summary, our findings contribute to the growing number of publications demonstrating a decline in deaths among PLWHA and a shift to increasing proportions of deaths due to non-AIDS causes. Additionally, this study has described that IVDU and those infected by blood transfusion were less likely to gain the benefits of the HAART and the improvement in life expectancy was not as long as those infected by other routes. As the prevalence and age of the PLWHA in Israel continues to increase, the findings from this study highlight the importance of adherence to treatment regimens, and established guidelines of screening of non-AIDS cancers 26 and hepatitis 27 among PLWHA. Additionally, PLWHA may benefit from primary prevention programs to prevent or eliminate the exposure of tobacco and other substances.
